Ultrastructure and cytoskeleton of Chara rhizoids in microgravity.
Gravitropic tip growth of Chara rhizoids is dependent on the presence and functional interaction between statoliths, cytoskeleton and the tip-growth-organizing complex, the Spitzenkorper. Microtubules are essential for the polar cytoplasmic zonation but are excluded from the apex and do not play a crucial role in the primary steps of gravisensing and graviresponse. Actin filaments form a dense meshwork in the subapical zone and converge into a prominent apical actin patch which is associated with the endoplasmic reticulum (ER) aggregate representing the structural center of the Spitzenkorper. The position of the statoliths is regulated by gravity and a counteracting force mediated by actomyosin. Reducing the acceleration forces in microgravity experiments causes a basipetal displacement of the statoliths. Rhizoids grow randomly in all directions. However, they express the same cell shape and cytoplasmic zonation as ground controls. The ultrastructure of the Spitzenkorper, including the aggregation of ER, the assembly of vesicles in the apex, the polar distribution of proplastids, mitochondria, dictyosomes and ER cisternae in the subapical zone is maintained. The unaltered cytoskeletal organization, growth rates and gravitropic responsiveness indicate that microgravity has no major effect on gravitropic tip-growing Chara rhizoids. However, the threshold value of gravisensitivity might be different from ground controls due to the altered position of statoliths, a possibly reduced amount of BaSO4 in statoliths and a possible adaptation of the actin cytoskeleton to microgravity conditions.